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(54) GAS SENSOR. MANUFACTURE THEREOF AND SENSITIVITY MEASURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas sensor which is small and 
inexpensive along with a relatively simple structure and achieves 
excellent selectivity for a specified gas while being usable even at a high 
temperature and further to provide a manufacturing method and a 
sensitivity measuring method thereof. 

SOLUTION: A sintered body comprising double oxide as given by formula 
AyBxC8-1016 and a pair of electrodes 3 and 4 mounted on the sintered 
body are arranged to electrically detect a specified gas contacting the 
sintered body between the electrodes 3 and 4. In the formula, the site A 
is one element or more selected from a group of elements in families la 
and 2a of a periodic table of elements, the site B one element more 
selected from a group of metal elements available in bivalent or trivalent 
and the site 0 one element or more selected from metal elements 
available in tetravalent. Values of x and y are respectively in ranges of 
0<x<2 and 0.5<y<2x. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A sensor as comes electrically to detect specific gas which consists of a sintered 
compact which consists of a multiple oxide expressed with the following general formula, and an 
electrode of a couple attached to this sintered compact, and contacts this sintered compact by 
inter-electrode [ this ]. 

A general formula : AyBxC8_xOi6, However, one or more sorts of elements in which the site A is 
chosen from an element group of la and 2a fellows of a periodic table of the elements in this 
formula, What one or more sorts of elements in which the site B is chosen from a group of a 
metallic element which can take divalent or trivalent, and the sites C are one or more sorts of 
elements chosen from a metallic element which can take tetravalehce, and x and y have in the 
range of 0< x<=2 and 0.5 <=y<=2x, respectively. 

[Claim 2]A sensor as comes electrically to detect specific gas characterized by comprising the 
following which is a gas sensor, installs this sintered compact, this electrode, and this heater 
with this protector into exhaust gas discharged from an internal-combustion engine, and 
contacts said sintered compact. 

A sintered compact which consists of a multiple oxide expressed with the following general 
formula. 

An electrode of a couple attached to this sintered compact. 
A heater which heats this sintered compact. 
It is a wrap protector about these. 

A general formula : AyB^Ce-xOie. However, one or more sorts of elements in which the site A is 
chosen from an element group of la and 2a fellows of a periodic table of the elements in this 
formula. What one or more sorts of elements in which the site B is chosen from a group of a 
metallic element which can take divalent or trivalent, and the sites C are one or more sorts of 
elements chosen from a metallic element which can take tetravalence, and x and y have in the 
range of 0< x<=2 and 0.5 <=y<=2x. respectively. 

[Claim 3]In said general formula, A, respectively Potassium (K), barium (Ba), One or more sorts 
of elements chosen from a group of strontium (Sr) and B And aluminum (aluminum), The gas 
sensor according to claim 1 or 2 which are iron (Fe), indium (In), zinc (Zn) and one or more sorts 
of elements chosen from a group of gallium (Ga), and one or more sorts of elements in which C 
is chosen from a group of tin (Sn) and titanium (Ti). 

[Claim 4]The gas sensor according to any one of claims 1 to 3 in which said electrodes are 
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platinum, a platinum alloy or platinum (Pt), and an alloy with rhodium (Rh). 
[Claim 5]The gas sensor according to any one of claims 1 to 4 which said multiple oxide is a 
multiple oxide of hollandite mold structure or PURIDE light mold structure, is a semi-conductive 
or conductive substance, and is what carries out occlusion of the nitrogen oxides, such as nitric 
oxide and nitrogen dioxide. 

[Claim 6]If said sintered compact contacts nitrogen oxides in measurement gas, it will carry out 
occlusion of these nitrogen oxides. The gas sensor according to any one of claims 1 to 5 which 
reduces resistance inter-electrode [ this ] according to quantity of nitrogen oxides by which 
occlusion was carried out, and detected electrically quantity of nitrogen oxides in measurement 
gas, or concentration by detection of change of this resistance. 

[Claim 7]The gas sensor according to any one of claims 1 to 6 characterized by selection 
sensitivity to nitric oxide being higher than selection sensitivity to carbon monoxide In detection 
of said specific gas. 

[Claim 8]A manufacturing method of a sensor for nitrogen-oxides detection sintering a Plastic 
solid characterized by comprising the following with calcination temperature beyond said 
temporary-quenching temperature. 

(1) So that it may become a sintered compact which consists of a multiple oxide of hollandite 
mold structure expressed with the following general formula when it sinters, or PURIDE light 
mold structure. Metal salt or a metal atkoxide which has one or more sorts of elements chosen 
from an element group of la and 2a fellows of a periodic table of the elements as a raw material 
for site A, A process of blending metal salt which has one or more sorts of elements chosen 
from a group of an element which can take divalent or trivalent as a raw material for site B or a 
metal alkoxide, metal salt which has one or more sorts of elements chosen from an element 
which can take tetravalence as a raw material for site C, or a metal alkoxide, and making a 
mixture, 

(2) A process of making this mixture reacting at temporary-^quenching temperature of 400-600 
**, and making a temporary-quenching object. 

(3) A process of pulverizing this temporary-quenching object. 

(4) a process fabricated while laying underground a part of metal electrodes of a couple which 
set an interval and has been arranged using ground temporary-quenching powder, respectively, 
and (5)— said electrode made by this shaping. 

A general formula : AyB^Cg.^O^e- However, one or more sorts of elements in which the site A is 
chosen from an element group of la and 2a fellows of a periodic table of the elements in this 
formula, What one or more sorts of elements in which the site B is chosen from a group of a 
metallic element which can take divalent or trivalent, and the sites C are one or more sorts of 
elements chosen from a metallic element which can take tetravalence, and x and y have in the 
range of 0< x<=2 and 0.5 <=y<=2x, respectively. 

[Claim 9]In said claim 8, a raw material for site A Potassium nitrate, di-n-butoxybarium, It 
chooses from either among strontium nitrate and these mixtures, A raw material for site B Zinc 
nitrate, iron nitrate, gallium nitrate, nitric acid indium, A manufacturing method of a gas sensor 
for nitrogen-oxides detection choosing from either an aluminium nitrate and these two or more 
sorts of mixtures, and choosing a raw material for site C from either tetra-i-propoxytin, 
tetra-i-propoxytitanium and these mixtures. 

[Claim 10]A sensitivity deciding method of a gas sensor determining sensitivity of a gas sensor 
to a specific gas ingredient in measurement gas by arranging the gas sensor according to any 
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one of claims 1 to 7 in tlie following gas atmosphere, and measuring resistance, current, or 
voltage inter-electrode [ this ]. 

Gas atmosphere : Oxygen gas (O2), choke damp (COg), mixed gas which consists of two or more 
sorts of nitrogen gas (Ng), carbon monoxide gas (CO), nitrogen monoxide gas (NO), nitrogen 
dioxide gas (NOg), and these gases, and ** — a gas atmosphere containing one or more sorts 
chosen from inside. 

[Claim 1 1]A gas sensor which has a sintered compact which consists of a multiple oxide 
expressed with the following general formula. 

A general formula : AyB^Cg-xOig, However, one or more sorts of elements in which A is chosen 
from an element group of la and 2a fellows of a periodic table of the elements. What one or 
more sorts of elements in which B is chosen from a group of a metallic element which can take 
divalent or trivalent, and C are one or more sorts of elements chosen from a metallic element 
which can take tetravalence, and x and y have in the range of 0< x<=2 and 0.5 <=y<=2x, 
respectively. 



[Translation done.] 
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JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[00Q1] 

[Field of the Invention]This invention Nitrogen-oxides reduction art, nitrogen-oxides 
decomposition art, car motor. It is related with gas sensors which can be used for multiple 
purposes, such as detection, density measurement, etc. of specific gas, such as detection of 
gas concentration, which exist all over detection of the specific gas concentration in the 
exhaust gas discharged from internal-combustion engines, such as a boiler, and the outdoors, or 
indoor, a manufacturing method for the same, and its sensitivity measurement method. 
[0002] 

[Description of the Prior Art]As a method of measuring the concentration of this specific gas in 
exhaust gas, the method by an oxide-semiconductor sensor is known besides a 
chemiluminescence method, an infrared absorption method, an ultraviolet absorption method, a 
controlled-potential-electrolysis method, a constant potential electrical quantity method, etc. 
As this oxide-semiconductor sensor, the tin oxide (SnOgX copper oxide (CuO), And a zinc oxide 
(ZnO) (JP.60-4849,A). tungstic oxide (WO3) (JP,4-65662.A), The oxide sensor by indium oxide 
(InOj) (JP,4-65663,A) etc. is known, and these are excellent in endurance compared with other 
above-mentioned methods. The perovskite type oxide sensor indicated by JP,6-222028,A is 
also known as an oxide sensor which measures gas concentration. 
[0003] 

[Problem(s) to be Solved by the Invention]Since the gas-concentration-measurement method 
by a chemiluminescence method is the highest-precision as a gas-concentration-measurement 
method known by the present and it is reliable, it is a useful method, but an ozonizer. the 
photoelectron amplifier tube, and the source of high tension are needed separately, and a 
miniaturization, low-pricing, and facilitating of maintenance control are difficult. Although there 
is an advantage that the method by the infrared absorption method and an ultraviolet absorption 
method has a large detection area, amendment of a detection value is needed and there is a 
problem in simple nature. On the other hand, it not only being unable to measure in strict 
accuracy but electrode performance deteriorates temporally, and the maintenance control of an 
electrolytic solution also needs the method by the controlled-potential-electrolysis method and 
a constant potential electrical quantity method. While each apparatus used for these methods is 
large-sized, the price is as expensive as hundreds of thousands of yen - millions of yen and the 
accuracy of measurement is high, amendment by producing a drift is required, or endurance is 
lacked. 
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[0004]On the other hand, in the conventional oxide sensor, although said oxide-semiconductor 
sensor has high endurance and has the advantage that it can miniaturize, when detecting the 
specific gas in the atmosphere or a combustion gas, there is a fault that the selectivity to the 
gas of this specification is bad. That is, if other gas, for example, CO gas etc., exists in the case 
of a nitrogen oxide sensor, a sensor will induce this and exact nitrogen oxide concentration will 
not be obtained. The tin oxide (SnOj), copper oxide (CuO), a zinc oxide (ZnO), In the oxide 
sensor using tungstic oxide (WO3) and indium oxide (InOj), When electrical resistance becomes 
high and voltage is impressed to an element as the concentration of nitrogen oxides becomes 
high, the output value acquired decreases, when detecting the nitrogen oxide concentration 
more than fixed concentration, an output value is no longer acquired or accuracy gets very bad. 
Resistance increases as temperature becomes high, and there is a fault to which sensitivity 
gets very bad. 

[0005]In the sensor using a perbvskite type oxide. Although there is no possibility that it may 
become impossible for electrical resistance to fall and output according to nitrogen oxide 
concentration like an above-mentioned oxide-semiconductor sensor, the sensitivity to nitrogen 
oxides is a value (about about 1/10) quite smaller than the sensitivity of an above-mentioned 
oxide-semiconductor sensor, and has a fault in which accuracy is inferior compared with an 
oxide-semiconductor sensor. 

[0006]Then, in view of an above-mentioned situation, this invention sets it as the fundamental 
purpose for it to be small and cheap, and to excel in the selectivity to specific gas, and to 
develop an usable gas sensor, a manufacturing method for the same, and its sensitivity 
measurement method also at an elevated temperature while it is a comparatively easy structure. 
[0007] 

[Means for Solving the Problem] A sintered compact which consists of a multiple oxide 
expressed with the following general formula (1) as a result of this invention persons' advancing 
research wholeheartedly according to the above-mentioned purpose, It consisted of an 
electrode of a couple attached to this sintered compact, a sensor as comes to detect specific 
gas in contact with this sintered compact by inter-electrode [ this ] electrically was developed, 
and this invention was completed. 

[0008]General-formula (1): AyB^Cg-xO^g* However, one or more sorts of elements in which the 
site A is chosen from an element group of la and 2a fellows of a periodic table of the elements 
in this formula, What one or more sorts of elements in which the site B is chosen from a group 
of a metallic element which can take divalent or trivalent, and the sites C are one or more sorts 
of elements chosen from a metallic element which can take tetravalence, and x and y have in 
the range of 0< x<=2 and 0.5 <=y<=2x, respectively. 

[0009]So that it may become a sintered compact which consists of a multiple oxide of hollandite 
mold structure expressed with an above-mentioned general formula (1) when it sinters, or 
PURIDE light mold structure according to this invention. Metal salt or a metal alkoxide which 
has one or more sorts of elements chosen from an element group of la and 2a fellows of a 
periodic table of the elements as a raw material for site A, Metal salt or a metal alkoxide which 
has one or more sorts of elements chosen from a group of an element which can take divalent 
or trivalent as a raw material for site B, A process (it abbreviates to the process 1 hereafter) of 
blending metal salt or a metal alkoxide which has one or more sorts of metal chosen from an 
element which can take tetravalence as a raw material for site C. and making a mixture, A 
process (it abbreviates to the process 2 hereafter) of making this mixture reacting at 
temporary-quenching temperature of 400-600 **, and making a temporary-quenching object, A 
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process (it abbreviates to the process 4 hereafter) fabricated while laying underground a part of 
metal electrodes of a process (it abbreviates to the process 3 hereafter) of pulverizing this 
temporary-quenching object, and a couple which set an interval and has been arranged using 
ground temporary-quenching powder, respectively, A manufacturing method of a sensor for 
nitrogen-oxides detection sintering a Plastic solid which was made by this shaping, and which 
has said electrode with calcination temperature beyond said temporary-quenching temperature 
(it abbreviates to the process 5 hereafter) is provided. 

[0010] According to this invention, said gas sensor Oxygen gas (Og), Choke damp (COg). nitrogen 
gas (Ng), carbon monoxide gas (CO), Mixed gas which consists of two or more sorts of nitrogen 
monoxide gas (NO), nitrogen dioxide gas (NOj), and these gases, ** — a sensitivity deciding 
method of a gas sensor determining sensitivity of a gas sensor to a specific gas ingredient in 
measurement gas is provided by arranging in a gas atmosphere containing one or more sorts 
chosen from inside, and measuring resistance, current, or voltage inter-electrode [ this ]. 
[001 1]A multiple oxide expressed with a general formula (1) used for this invention is known as 
a hollandite system oxide or a PURIDE light system oxide, and it attracts attention as a new 
nitrogen-oxides reduction catalyst as indicated by "functional material vol.15 (1995) No.5 
27-34," As an example of this multiple oxide, purification of exhaust gas by K^GayTia^yOiQ as an 
exhaust gas purifying catalyst is indicated (JP,7-1 1 651 5,A). With this hollandite system oxide or 
a PURIDE light system oxide. Are hollandite mold structure or PURIDE light mold structure a 
multiple oxide which it has, and with this hollandite mold structure or PURIDE light mold 
structure. In the crystal structure, a crystal system belongs to a pyramidal quadratic system or 
a monoclinic system, and it consists of a tunnel form skeleton formed with 0(B, C) g (B and C 
follow general formula (1)) octahedron, A (general formula (1) is followed) ion is accommodated 
in this tunnel along which it passes along with c axis of a pyramidal quadratic system. 
[001 2]A detecting mechanism of a gas sensor by this invention is considered to act as follows 
although not clarified yet enough. That is, although a multiple oxide expressed with a general 
formula (1) comprises ionicity combination with A* and ^^A-x°i6^"» it generates a phase of A 
(NO3) which is a non-conducting substance by gaseous phase-solid phase reaction between 
nitrogen-oxides gas and said multiple oxide. This reaction is an absorption reaction according to 
concentration of nitrogen oxides in the gaseous phase. An electron hole where A* has positive 
charge by generation of A (NO3) in a position (above-mentioned tunnel portion) which existed in 
a crystal is produced. If voltage is impressed via resistance at this time, in order that an 
electron hole produced according to concentration of nitrogen oxides in the gaseous phase may 
move to the negative electrode side according to a voltage gradient, an electric resistance 
value changes according to concentration of nitrogen oxides. Change of this electric resistance 
value is detected using the change of potential of an electrode connected to a gas sensitive 
detector part in electric conduction, and it is thought that it works as a gas sensor. 
[001 3]A gas sensor by this invention induces specific gas, and it is hard to respond to other gas. 
Therefore, a gas sensor by this invention enables alternative detection of specific gas which 
could not be attained by the conventional oxide-semiconductor sensor. That is, according to 
this invention, it becomes possible to detect nitrogen oxides, without, for example, being 
influenced by an interferent component called hydrogen, a steam, carbon monoxide, 
hydrocarbon, and alcohols which are contained in a combustion gas. It compares with the 
conventional oxide-semiconductor sensor (measurable temperature is about 200-400 **), and 
precise measurement is attained under an elevated temperature (not less than 500-600 **). 
Since it can be considered as a sensor easy [ structure ] and small, it can be used cheaply and 
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for multiple purposes. 
[0014] 

[Embodiment of the Invention]ln the gas sensor by this invention, as an element of the site A in 
the multiple oxide of the general formula (1) which constitutes said sintered compact, if it is one 
or more sorts of elements chosen from the element group of la and 2a fellows of a periodic 
table of the elements, can use various elements, but. It is preferred that they are potassium (K), 
barium (BaX and one or more sorts of elements chosen from the group which consists of 
strontium (Sr). As an element of the site B, if it is one or more sorts of elements chosen from 
the group of the metallic element which can take divalent or trivalent. can use various elements, 
but. It is preferred that they are aluminum (aluminum), iron (Fe), indium (In), zinc (Zn), and one or 
more sorts of elements chosen from the group which consists of gallium (Ga). As an element of 
the site C, if it is one or more sorts of elements chosen from the group of the metallic element 
which oaii take tetravalence, various elements can be used, but it is preferred to use tin (Sn) 
and/or titanium (Ti). 

[0015]It is a multiple oxide of hollandite mold structure or PURIDE light mold structure, and said 
multiple oxide is a semi-conductive or conductive substance, and it is preferred that it is what 
carries out occlusion of the nitrogen oxides, such as nitric oxide and nitrogen dioxide, x and y in 
a general formula (1) are 0< x<=2 and 0.5<=y<=^2x, and this is a value specified by the crystal 
structure of hollandite mold structure or PURIDE light mold structure. 
[0016]The shape of said sintered compact can use various structures of the gas sensitive 
detector part in a publicly known oxide sensor. That is, the shape of a sintered compact can 
take various shape, such as cylindrical shape, a prismatic form, plate-like, tube shape, conical 
shape, or the shape of a pyramid, and as long as the electrode is connected to said sintered 
compact in electric conduction, the arranging position is not limited. As long as the gas which 
said sintered compact detects can be contacted, it may cover except the detection gas 
contacting parts of this sintered compact by protectors, such as a ceramic substrate, etc. The 
portion in contact with the detection gas of said sintered compact may also be covered by a 
protective film or a protector etc. which the gas to detect may pass. The manufacture of a 
sintered compact can obtain a powdered material which is an ingredient ratio which serves as 
said hollandite mold structure or PURIDE light mold structure by the ability to perform 
temporary quenching, grinding, shaping, calcination, etc. in order. After adding additives, such as 
a sintering aid, to said powdered material and mixing with a ball mill etc.. After performing 
screen-stencil etc. as slurry form or forming on a support plate etc. by publicly known methods, 
such as chemical vapor deposition, such as physical vapor deposition, such as a vacuum 
deposition method and sputtering process, MO-CVD method, and a chloride CVD method, it is 
good also as a sintered compact to calcinate. As this support plate, heat-resistant ceramics, 
such as alumina, magnesium oxide, zirconium oxide, and strontium titanate, etc. can be used. 
[0017]As for the construction material of said electrode, be [ what is necessary / just although 
it has electric conductivity, such as platinum, gold, silver, copper, or an alloy containing these, 
and intensity has heat resistance, intensity, etc. which do not deteriorate greatly even if 
exposed to calcination temperature ]. it is preferred that it is an alloy of platinum, a platinum 
alloy or platinum, and rhodium. After an electrode lays the above-mentioned metal or its 
compound under said Plastic solid, What could really calcinate, and blended the organic binder 
etc. with these, and was made into paste state is used, It may form in said sintered compact or 
a support plate by publicly known methods, such as electroplating, electroless deposition, hot 
dipping, thermal spraying, vacuum evaporation, ion plating, mechanical plating, or print 
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processes. 

[0018]Since occlusion of the gas of this specification will be carried out and the electric 
resistance value of said sintered compact will fall according to the concentration of the specific 
gas by which occlusion was carried out if gas with said specific sintered compact is contacted, 
the gas sensor by this invention, The concentration of specific gas can be measured by 
measuring said inter-electrode resistance using a circuit as shown in drawing 2 as an example. 
[0019]Since especially the gas sensor by this invention can perform stable measurement to the 
bottom of an elevated temperature, it is preferred to attach the heating method of the ceramic 
heater etc. which heat a sintered compact, and to use as an object for the density 
measurement of the specific gas in the exhaust gas discharged from the internal-combustion 
engines for cars etc. In this case, a gas sensor may be attached to the heating method of a 
ceramic heater etc., and it may manufacture by a ceramic heater etc. and one. It is preferred to 
protect a gas sensor from a physical shock using sensor safeguards, such as a protector. 
[0020]The raw material [ in / on the manufacturing method of the sensor for nitrogen-oxides 
detection by this invention, and / the process 1 ] for site A, As metal salt which is a raw 
material for site B, or a raw material for site C, or a metal alkoxide, If it is the salt or alkoxide of 
an above-mentioned site A element, a site B element, and a site C element, Can use various 
compounds, for example, as a site A raw material Potassium nitrate (KNO3), The alkoxide of 
nitrates, such as strontium nitrate (SrCNOg) g). and di-n-butoxybarium (Ba(OG4H9) j), etc. as a 
site B raw material, Zinc nitrate, iron nitrate, nitric acid indium, an aluminium nitrate, gallium 
nitrate, etc. as a site C raw material, Tetra-i-propoxytin (SnCOCaH^) 4), tetra-i-propoxytitanium 
(TiCOCaHy) 4), etc. can be used. 

[0021]In order to blend the aforementioned raw material and to build a mixture, an 
above-mentioned site A raw material, site B raw material, and site C raw material can be set by 
the presentation of hollandite mold structure or PURIDE light mold structure, and specified 
quantity mixing can be carried out. After making it dissolve in solvents, such as H2O and 
isopropyl alcohol, as for said raw material, blending is preferred, and it may perform heating, 
stirring, etc. if needed. The solution after blending can remove said solvent by desiccation, 
filtration, etc., and can make it powdered. 

[0022]Temporary quenching of said powdered mixture is carried out by the process 2 at the 
temporary-quenching temperature of 400 ** - 600 **, it is made to react, and may be used as 
a temporary-quenching object. This temporary-quenching object is pulverized by the process 3, 
and may be used as temporary-quenching powder. Although what is necessary is just to grind it 
to such an extent that it can be fabricated in desired shape, this grinding is good to grind more 
finely and to suppose that it is powdered in order to receive the homogeneity of a sintered 
compact. 

[0023]Said temporary-quenching powder is fabricated by desired shape, laying metal electrodes 
underground, and may be used as a Plastic solid. The shape at this time can take various shape, 
such as cylindrical shape, a prismatic form, plate-like, tube shape, conical shape, or the shape 
of a pyramid, and as long as metal electrodes touch the temporary-quenching powder in which 
that part was fabricated, that embedding position is not limited. 

[0024]As for said Plastic solid, it can be preferred to be calcinated with the calcination 
temperature beyond said temporary-quenching temperature by the process 5, calcination can 
be performed by publicly known methods, such as atmosphere sintering, mold pressure sintering, 
atmosphere pressure sintering, and reaction sintering, and inactive gas, an oxidizing atmosphere, 
a reducing atmosphere, etc. can be used for atmosphere. 
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[0025]In the sensitivity deciding method of the gas sensor by this invention, Oxygen gas (Og), 
the choke damp (COg), nitrogen gas (Ng), Carbon monoxide gas (CO), nitrogen monoxide gas 
(NO), nitrogen dioxide gas (NOg), and the mixed gas which consists of two or more sorts of 
these gases and ** — the sensitivity of the gas sensor to the specific gas ingredient in 
measurement gas can be determined by arranging a gas sensor in the gas atmosphere 
containing one or more sorts chosen from inside, and measuring inter-electrode resistance, 
current, or voltage. If the ingredient of said gas atmosphere contains said various gas and these 
mixtures, the mixture ratio, concentration, etc. will not be limited, but various gas can be 
contained if it is inertness gas in a system of measurement. Temperature can also be made into 
various temperature according to a gas sensor, if these various gas is the temperature which 
does not carry out a reaction etc. 
[0026] 

[Example] Hereafter, it explains in full detail further about the example of this invention. 
However, this invention is never limited to these examples. 

[0027]The composition of the nitrogen oxide sensor 1 in <Example 1> this example is shown in 
the mimetic diagram ((a) expresses a front view and (b) expresses a side view) of drawing 1 , 
[0028]The <composition of a. nitrogen oxide sensor> sensor 1 carries out pressing of the 
powder, and has the calcinated gas sensitive detector element 2. The gas sensitive detector 
element 2 is fabricated and calcinated with phi0.2mm and the 13%P/R lines 3 and 4 of 50 mm in 
length a couple as an electrode for measuring electrical resistance change of this gas sensitive 
detector element 2, and is accomplished with the sensor element 5. The 13%P/R lines 3 and 4 of 
the couple are inserted in the hole of said couple of phiSmm which has a hole of a phi0.5mm 
couple for the protection, and 25 mm in length the protection porcelain tube 6 made from 
alumina ceramic. The sensor 1 is constituted by adhering this protection porcelain tube 6 to the 
attachment lug 7 made from stainless steel with the heat-resistant insulation adhesives 8. 
[0029]The general formula (1) from which the element of manufacture >A of a <b. gas sensitive 
detector element, B, and C or the mole ratio differed 
A^BA-xOie (1) 

The gas sensitive detector element which comes out and consists of a multiple oxide expressed 
was produced as follows, and the gas sensitive detector element (sample numbers 1-10) shown 
in the following table was acquired. 
[0030] 
[Table 1] 
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[0031]In the <manufaGture of 1a.K(Sr)-B-C-0 system oxide (sample numbers 1-8, and 10)> (a) 
dry nitrogen atmosphere, Ti (i-0-C3H7) (sample numbers 6-8) or Sn (i-O-CgHv) (sampile 
numbers 1-5, and 10). Carried out weighing so that it might become a specified mole ratio, and 
it was made to dissolve at 80 ** using isopropyl alcohol, and stirred. 

[0032](b) The nitrate of K (sample numbers 1-8) which is an element of the site A of a general 
formula (1), or Sr (sample number 10), weighing of the nitrate of Zn (sample numbers 1 and 6), 
Fe (said— 2 and 10), In (said — 3), aluminum (said — 4 and 7), and Qa (said — 5 and 8) which 
are the elements of the site B was carried out so that it might become a specified mole ratio, 
and it was made to dissolve in HgO 

[0033]In order to make the alkoxide which dissolved by (c) and (a) hydrolyze, H2O was added so 
that it might become the solution produced by (b) with the decomposition equivalent, and also 
an equivalent amount of isopropyl alcohol was added, and it diluted. 

[0034]After dropping the solution produced by (d) and (c) at the solution produced by (a) and 
making precipitate generate, evaporated the solvent using the dryer, precipitate was made to 
harden by drying, and it was made powdered. After grinding this powder, temporary quenching 
was carried out at a predetermined temperature (700 ** - 1 200 **). 

[0035]In the <manufacture of lb.Ba-B-C-0 system oxide (sample number 9)> (a) dry nitrogen 
atmosphere, weighing of Ba (n-0-C4Hg) and the Sn (i-O-CgH^) is carried out so that it may 
become a specified mole ratio, It was made to dissolve at 80 using isopropyl alcohol, and 
stirred. 

[0036](b) Weighing of the nitrate of Fe which is an element of the site B of a general formula (1) 
was carried out so that it might become a specified mole ratio, and it was made to dissolve in 
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[0037]In order to make the alkoxide which dissolved by (c) and (a) hydrolyze, HgO was added so 
that it might become the solution produced by (b) with the decomposition equivalent, and also 
an equivalent amount of isopropyl alcohol was added, and it diluted. 

[0038]After dropping the solution produced by (d) and (c) at the solution produced by (a) and 
making precipitate generate, evaporated the solvent using the dryer, precipitate was made to 
harden by drying, and it was made powdered. After grinding this powder, temporary quenching 
was carried out at a predetermined temperature (700 ** - 1200 **). 
[0039]The end of precursor powder it was produced by <production of 2. gas sensor> 
above-mentioned la and lb about each of the sample numbers 1-10 with the 13%P/R lines 3 
and 4 of a couple with a center interval of 2 mm. Press forming was carried out to phi3mm and 
discHike [ 1 mm-thick ], and it calcinated at 900 ** for 1 hour, and was considered as the 
baking body, and the gas sensitive detector element 2 was acquired. The gas sensitive detector 
element 2 was acquired from the former as comparison in the way also with similar comparative 
example 1 (tungstic oxide) and comparative example 2 (indium oxide) which are known as there 
is the nitrogen oxide sensor characteristic (Table 1). 

[0040]The sample numbers 1-10 in <measurement of c. induction characteristic> this example 
and the induction characteristic of the detecting element of the comparative examples 1-2 
were measured as follows. The sensor 1 is attached so that the gas sensitive detector element 
2 may go into a measurement furnace, and it was made for gas temperature to be 500 ** in each 
gas sensor of the sample numbers 1-10 and the comparative examples 1-2. Then, so that direct 
current voltage may be impressed to the electrodes 3 and 4 IV and a flow may serve as 12 
l/min into a measurement furnace, The examination gas in which the NO gas which changed 
concentration to the carrier gas which prepared 7.0% of oxygen gas, 10% of the choke damp, and 
the remainder with nitrogen gas was made to mix was contacted in the sensor 1 , and change of 
the electric resistance value between the electrode 3 and the electrode 4 was measured using 
the operational amplifier circuit. A measuring circuit is shown in drawing 2 . A sensor and 9 show 
a voltmeter, 9a shows a fixed-resistance object, and 1 shows a power supply 10. 
[0041]The induction characteristic to the NO gas concentration at 500 in each gas sensor is 
combined with the result of tungstic oxide (comparative example 1) and Indium oxide 
(comparative example 2) which are comparative examples, and is shown in drawing 3 and 
drawing 5 . R (omega) shows resistance in Rq (omega) and NO gas for the resistance in a figure 
and the air, a horizontal axis shows NO gas concentration (ppm), and a vertical axis shows 
sensitivity (Rq/R) (-1). Also in which example, it turns out that sensitivity is also changing in 
accordance with change of NO concentration, and the nitrogen oxide sensor by this invention 
shows sufficient sensitivity to NO gas regardless of NO concentration. Electrical resistance 
falls and it is advantageous practically as NO gas concentration becomes high. The induction 
characteristic to the NO gas concentration of the example 1 sample numbers 1. 2. and 5 at 600 
** is shown in drawing 4 . receiving NO concentration regardless of NO concentration like the 
time of 500 **. although overall sensitivity is falling compared with the case of 500 ** — change 
of sufficient sensitivity — **** — **** — it turns out that exact measurement is possible. 
[0042]The sensitivity characteristic at the constant temperature of the comparative example 1 
and the comparative example 2 over this is shown in drawing 6 and drawing 7 . The sensitivity 
characteristic over NO concentration [ in / for the sensitivity characteristic over the NO 
concentration at 350 ** of the comparative example 1 and 500 ** / to drawing 7 / 350 ** of the 
comparative example 2 and 500 ** ] is shown in drawing 6 . In 350 **, when the comparative 
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examples 1 and 2 have low NO concentration, change of the sensitivity to NO concentration is 
large, and a value is obtained in good accuracy, but it turns out that change of the sensitivity to 
NO concentration becomes small, and accuracy falls as NO concentration becomes high. In 500 
**, resistance becomes remarkably large also with the comparative examples 1 and 2, and 
sensitivity is hardly obtained, but it turns out that exact density measurement is impossible. 
[0043]In the sample numbers 1-10 and the comparative examples 1-2 in <measurement of d, 
gas selectivity> this example, the examination for investigating the influence of other gas was 
done as follows. The sensor 1 is attached so that the gas sensitive detector element 2 may go 
into a measurement furnace, and it was made for gas temperature to be 500 ** in each gas 
sensor of the sample numbers 1-10 and the comparative examples 1-2. Then, so that direct 
current voltage may be impressed to the electrodes 3 and 4 IV and a flow may serve as 12 
l/min into a measurement furnace, To the carrier gas which prepared 7.0% of oxygen gas, 10% of 
the choke damp, and the remainder with nitrogen gas. 200 ppm of NO gas, 100 ppm of CO gas, 
and CgHe gas l OOppm — ** — the examination gas added in fixed quantity was contacted to the 
gas sensitive detector element 2, and change of the electrical resistance between the 
electrodes 3 and 4 was investigated by the same method as ****. 

[0044]Change of the sensitivity to change of gas concentration is shown in drawing 8 , drawing 9 , 
and drawing 10 . Drawing 7 . drawing 8 , and drawing 9 show respectively the sample numbers 1 , 2, 
and 5 of Example 1. A horizontal axis shows the time (sec) of gas introduction and discharge, 
and a vertical axis shows sensitivity. All introduce gas at the time of 0 sec, and gas is 
discharged at the time of the time (Gas out and statement) shown by a vertical dotted line. Also 
in which sample, it turns out that it is responding specifically to NO gas. 
[0045]The gas characteristics of the comparative example 1 (tungstic oxide) are shown in 
drawing 1 1 at the gas induction characteristic of the example 1 sample number 2 by this 
invention, and drawing 12 . R (omega) shows resistance in Rq (omega) and gas for the resistance 
in a figure and the air, a horizontal axis shows time (sec) and a vertical axis shows sensitivity 
(Rq/R) (-1). At the time of about 700 to 800 sec, all introduce gas and discharge gas at the time 
of about 2000 sec. In the comparative example, it is responding not only to NO but to CO and 
C3H6, and, moreover, the sensitivity is very large. On the other hand, it turns out that the gas 
sensor of the example 1 sample number 2 by this invention is inducing only NO, and it is not 
responding to CO and CjHq at all. Therefore, it turns out that the sensor of this example has the 
very high selectivity to nitrogen oxides, and is not influenced by other gas in measurement of 
nitrogen oxide concentration. 

[0046]The composition of the nitrogen oxide sensor 11 in <Example 2> this example is shown in 
the mimetic diagram ((a) expresses a front view and (b) expresses a side yiew) of drawing 1 3 . 
The sensor 1 1 is provided with the gas sensitive detector element 13 which calcinated near the 
upper part of the substrate 12 made from alumina ceramics (4 mm in width, 40 mm in length, and 
1 mm in thickness) after thick film shaping by screen-stencil, and was formed in it, and is 
constituted. 

It has the electrodes 14 and 15 which consist of platinum of a couple to this gas sensitive 
detector element 13, and phi0.2mm and the 13%P/R lines 16 and 17 of 5 mm in length a couple 
are attached as an extraction lead of these electrodes 13 and 14. 

The ceramic heater board 18 as a heating method is attached to the lower part of the substrate 
12. The sensor 1 1 is constituted by sticking this to the mounting hardware 19 made from 
stainless steel with the heat-resistant adhesives 20. 

[0O473As the substrate 12, magnesium oxide, zirconium oxide, strontium titanate, other 
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heat-resistant ceramics, etc. besides alumina ceramics may be used. A platinum wire, a 
platinum group alloy, etc. may be used instead of a P/R line 1 3%. That is. even if exposed to the 
calcination temperature of a gas sensitive detector element, intensity does not deteriorate 
greatly, but various things can be used if it is a conductive material which is equal to use. 
Chemical vapor deposition, such as physical vapor deposition, such as a vacuum deposition 
method, sputtering process, etc. besides formation by screen-stencil, MO-CVD method, and a 
chloride CVD method, and the method of other common use can use the gas sensitive detector 
element 1 3. In this example, although a surrounding temperature has prescribed the heating 
method, measurement of arbitrary gas temperature is also possible by raising the temperature 
of a gas sensitive detector element itself by forming heating apparatus, such as a heater, near 
the gas sensitive detector element. 

[0048]The composition of the nitrogen oxide sensor 30 which measures the concentration of 
the nitrogen oxides in the exhaust gas of the car adapting a nitrogen oxide sensor in <Example 
3> this example is shown in the sectional view of drawing 14 , and the enlarged drawing of the 
sensor base 37 of drawing 14 is shown in drawing 15 ((a) expresses a front view and (b) 
expresses a side view). The gas sensitive detector element 31 is formed with phi0.2mm as an 
electrode for measuring the electrical resistance change, and the 13%P/R lines 32a and 32b of 
10 mm in length a couple. phi0.4mm which has two electric conductors jnside, and it was 
connected with this 2 electric conductor, and was laid under the inside, the 13%P/R lines 34a, 
34b, 34c, and 34d of 5 mm in length a couple — near both ends (an end near [ one ] — 34a and 
34b.) 34c and 34d are connected near [ another ] the end, and to one electric conductor 34a 
and 34c, 34 d is connected with 34b in electric conduction at another electric conductor, and 
electric conductors are insulated ~ **** ~ 4 mm in width which it has. By welding the P/R 
lines 32a and 32b to the P/R lines 34a and 34b 13% 13% in electric conduction, it is fixed to the 
output drawing board 33 by the alumina^ceramics production power drawing board (40 mm in 
length, and 1 mm in thickness) 33, and the gas sensitive detector part 31 is connected to It in 
electric conduction. 

[0049]The output drawing board 33 adheres with the heater 36 made from alumina ceramic 
which has the heater power supply lines 35a and 35b which comprise 4 mm in width, 50 mm in 
length, and 1 mm rn thickness, and accomplishes the sensor base 37. As for the output drawing 
board 33, the 13%P/R lines 34c and 34d of a couple are welded by the leads 38a and 38b made 
from a stainless steel, and the 13%P/R lines 35a and 35b of a couple are welded to the heater 
36 by the leads 38c and 38d. Since the sensor base 37 is fixed to the metal main body fittings 39, 
after making the cylindrical insulating porcelain tube 40 made from alumina ceramic fix to the 
sensor base 37, it puts into the inside of the cylindrical insulator 41 made from ceramics, and 
adheres with the glass 42. In order to put this into the main body fittings 39 and to protect the 
insulator 41 from external power etc., the metal outer cases 43 are covered and it adheres with 
main body fittings by a caulking. Then, the lead 38a, b, c, and d are respectively welded to the 
lead 44a, b, c, and d. it lets the rubber cap 45 pass and lead 44 a-d is further covered with the 
glass tube 46 for lead protection. It equips with the protector 47 which has a vent hole for 
protection of a sensor part, and the nitrogen oxide sensor 30 is constituted. Heating is 
performed by applying voltage to the lead 44c and d, and measurement of nitrogen oxide 
concentration is performed by measuring the resistance between 44a and b. Like drawing 16 , 
the output drawing board 33 and lead 49 grade can be fixed using the grommet 50, the sealant 
51, the filler 52, and electrode-holder 53 grade, and it can also be considered as the nitrogen 
oxide sensor for automobile exhaust of other gestalten. 
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[0050] 

[Effect of the Invention]The gas sensor by this invention by measuring change of the electric 
resistance value of a gas sensitive detector element via the electrode of this sensor, The 
concentration of the specific gas contained in the inside of the atmosphere or combustion gas 
can be detected by very alternative and high sensitivity, without being influenced by other gas, 
and very precise measurement is possible under an elevated temperature (500 - not less 
than 600 Since the whole can be made into an easy structure, it is possible to consider it as 
a cheap and small device. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is an outline diagram of the nitrogen oxide sensor about Example 1 of this 

invention, and (a) is a front view and (b) is a side view. 

[Drawing 2] lt is a measuring circuit figure about Example 1 of this invention. 

[Drawing 3] lt is a graph which shows the relation of the NO concentration and sensitivity at 500 

** about Example 1 of this invention. 

[Drawing 4] It is a graph which shows the relation of the NO concentration and sensitivity at 600 

about the example 1 sample numbers 1, 2. and 5 of this invention. 
[Drawing 5] It is a graph which shows the relation of the NO concentration and sensitivity at 500 

about the example 1 sample numbers 9 and 10 of this invention. 
[Drawing 6] It is a graph which shows the relation of the NO concentration and sensitivity at 350 
** and 500 ** about the comparative example 1 . 

[Drawing 7] It is a graph which shows the relation of the NO concentration and sensitivity at 350 
** and 500 ** about the comparative example 2. 

[Drawing 8] It is a graph which shows change of the sensitivity to the change with time of the 
gas concentration by the gas introduction and discharge about the example 1 sample number 1 
of this invention. 

[Drawing 9] It is a graph which shows change of the sensitivity to the change with time of the 
gas concentration by the gas introduction and discharge about the example 1 sample number 2 
of this invention. 

[Drawing 10] It is a graph which shows change of the sensitivity to the change with time of the 
gas concentration by the gas introduction and discharge about the example 1 sample number 5 
of this invention. 

[Drawing 1 1j lt is a graph which shows change of the sensitivity to the change with time of the 
gas concentration by the gas introduction and discharge about the example 1 sample number 2 
of this invention. 

[Drawing 12] It is a graph which shows change of the sensitivity to the change with time of the 
gas concentration by the gas introduction and discharge about the comparative example 1 . 
[Drawing 13] It is an outline diagram of the nitrogen oxide sensor about Example 2 of this 
invention, and (a) is a front view and (b) is a side view. 

[Drawing 14] It is an outline sectional view of the nitrogen oxide sensor about Example 3 of this 
invention. 

[Drawing 1 5] It is an outline expanded sectional view of the sensor portion of the nitrogen oxide 
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sensor about Example 3 of this invention. 

[Drawing 16] It is an outline sectional view showing other gestalten of the nitrogen oxide sensor 
about Example 3 of this invention. 
[Description of Notations] 

1 ... Nitrogen oxide sensor 

2 ... Gas sensitive detector part 
3, 4 ... Electrode 

5 ... Sensor base 

6 ... Protection porcelain tube 

7 ... Mounting hardware 

8 ... Heat-resistant adhesives 

9 ...Voltmeter 

10 ... Power supply 

11 ...Nitrogen oxide sensor 

12 ...Substrate 

1 3 ... Gas sensitive detector part 
14, 15 ... Electrode 

16, 17 ..Lead 

18 ... Ceramic heater board 

19 ... Mounting hardware 

20 ... Heat-resistant adhesives 

21 ... Heater extraction lead 

31 ... Gas sensitive detector element 
32...P/Rline 

33 .Output drawing board 
33V... Substrate 

34 ... P/R line 

35 ... Heater power supply line 

36 ...Heater 

37 ... Sensor base 

38 ...Lead 

39 ... Main body fittings 

40 ... Insulating porcelain tube 

41 ...Insulator 

42 ... Glass 

43 ... Outer case 

44 ... Lead 

45 Rubber cap 

46 ... Glass tube 

47 ... Protector 

48 ... Metal fittings 

49 ...Lead 

50 ... Grommet 

51 ... Sealant 

52 ... Filler 

53 ... Electrode holder 



54 ... Gas socket 
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* NOTICES ♦ 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThls document has been translated by computer. So the translation may not reflect the 

original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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^(Dm&iz.!t\:.xm%i&mm'mit-r^o -com^m:^ 
(Dm&o:>mi\:i:mmi.xmmin. •ff:^^>"^t\.xm 



[0 0 13] :*:^B^(cJ;5;<f::^-fe>lh«i|#^<D:>5fx{cii5 

tk^s -^-fb^K*. mtykmm. rjv^-jvm 
i^ (sij;£Hrt6mfi{±2 0 0-4 0 o-css) m 

?aT ( 5 0 0 ~ 6 0 0 "CiJti) ^c*3^^•c tiW?g^j:ffliJ3£;a^ 

So 

[0 0 14] 

■t. wiEi^3^fls:*«^-r5-jis^ (1) (Dmrnitmic:^ 

2 a i^w^ispd^ 1 ajii±»7c^-efcn«« 

^(Dytm^m^'^^^Ltt^X^^iii. -iJ^) t^J^ (K) . >^ 
yf^A (B a) , hPV^!>i. (S r) ;5>b/j:5 

V\ f--r >B(D5c*i: LT(4. 2MX(4 3fSS:t 

\-im^ c^TC* ^ffl V ^ .5 r i: -e t 5 ^ Tyu ?: - 
(A I) (F e)\ (I n) , ffi^ (Z 

n) . -^A (Ga ) >5^fc7fe5p;5^fe3ltR$n-5 

lffijy,±c07£^t?feSCli:;6S$f* LV\ Mtcnf^ hco 
TC^^ LTtt. 4«^t l9#5^Jl3ic^w||/6>fcil^^^^ 
p!.X (sn) J^tJ^/Xtt^^ V (T i ) 

[0 0 15] mummitm-in-^v^y^ vmrn^-MtziSi 

(1) [Cjo(t2)xS.t/ytt. 0<x^2, 0. 52yS 

[0 0 16] mtimmi^ff^Mm^i. <ik^<Dmim-^iy^ 

\z.i5»^is^^n^U(Dm^(nmik^mm-r^^kt^xt 
5o m^. i%mwmm\-t. rs*^. ^^tt-^. 

mmu'y^^^^^^^y^ y^m^m(D^mw^xm.-^xh 
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10 0 171 mitd.9M<DUWit. ^^ ^ 

m> -^ll^bTtJ;<. *fcrftt.{cw«x<-f ^<5^- 
s'^. 5'^> ^B!^ -y^. mM. mm. 

[0 0 18] if.mmKi.^iS:^^>'-^\t. mf^m^w-is^ 

[0 0 19] ^fc. 

mT^c*5v^■r^^^fcalJSSr^T5 ' t%^x%^(r>x. mm 
^:»^(Dm&Mi-&mti.xm\'^^^ttm^ - w 

v\ 

[0 0 2 0] jgic^^e^fciSSi^K^ti^^tttlffi-fevi^ 

roS5iit^&{C*5V^T. Xmi fC*3{tS-9-^ hAffiHilSf, 

Jg^irbT. (KNO3) . 5g®?;=^bn:x 

(Sr (NO3) 2) ^y-x^--fV^ 
(Ba (OC^Hg) (DT JX-^^ 'y V"^^ 

t tr, 7" h^- i ->^i3/1<=3rv^^:^' (S n (OC 



3H7) 4) . h^- i -l/n^K^v^^^^- (T i (O 
C3H7) 4) m^f^^^^^hii^X^^. 
[0 0 2 1 ] Si^|frfBcOl^W^ia-g-LT?l'a-#:^o< ^ 
fed, iizficDl^^ hAlSf:f. 1^-^ HBM*5|-. mi-^-^ V 

m.mchio^xm-^Mm^'r^ r t Tti^x^ mmmm 

{i, H2O, y:7'ntvuT/W3— /w^o^iKtc^if $ 

mM^xM<o^^mMm^-r^:itA^x^^o 
[0022] mmni^^(om^m-i. xa2 }c ^ d 4 0 

o'c-a 0 o°C(oisg^?as-c^;^$ti.. Rit^^^txum 

[0 0 2 3] mium^Mi. ^mMMm^^n\^^£Ai 
hmmcDmm^i&m^n. i^mi^t ^nm^o :i<Dt^ 
mmii. nst^. ¥=e^. ^^-y:t*t. 

[0 0 2 4] m^^mBm-^. 5 tc j; 19 . mie«jis 

[0 0 2 5] M(c*»B^(c<J;5:*f^-fe>'f-»^**:£:^ 
^{ci3VNTtt,^3!l;?f^ (O2) \ (c 

O2) . mMii^ (N2) > ~m\LWm^:^ (CO) . - 

(NO) , zLm{m.muy^ (NO2) . 

t/m6>co:^■;^cD2mW±/?)^b^<e■5^-g■:«';^^ o:>o%i,> 
hWitW.^ lffiiJA±Sr-^tf;5f:^#H^^'(c;<f^-feviJ-^ 

[0 0 2 6] 

[0 0 2 7] <iisi^i) 1 >^wMm^iin^'^Mn.\Ym 
^iy^\(n>m^^m\(om^m ( (a) «iEKig, 

(b) tt{|iJffilEI**-t-) {c^i-„ 

[0 0 2 8] <a. ^^^'ft;!^-feV-!^<^«^>-fe>'i^-l 
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'&it^m'&-r^tL^(D'mMt\.X. 4>0. 2mm. 
5 Omm(D—M<D 1 3%P/^Rm3, 4 t thiC^M 

P/RilSa, 4{i, -^rW^Mc^J^tC, 4>0. SmmO— 
^fwyiSr^fri-^ (J. 5 mm. 2 5 mmCDT/V? ^-fe^ 
5 s' ^ Mi^mmW 6 ® SfitB-^co?Lictf A $ v n 5 „ 



[0 0 2 9] <b. if:^^liimm<^m':^>A. B, CO 

7i.mJHi'^;\^l:t(Dm^£^tz—^^ (1) 
AyB.Cg^O.e- • • (1) 

1 0) ^mtzo 

[0 0 3 0] 

mi] 
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[0031] <la. K (Sr) -B-C-O^mtm 

ia) ^m^m^m^^icxT i (i-o-CgH^) 
(Kiisi-#-§-6~8) x{*s n ( i -0-C3H7) mm- 

[0 0 3 2] (b) -ji^ti: (1) (of-^ hA«7c^-e& 

XI 6) . Fe (m2RmO) . In (Ir13) . Al 

(m4RU7) . Ga (i^5&t>*8) (ommm-t. 

[0 0 3 3] (c) (a) -^-^j||L/tT/U='dri/K*AP 



[0 0 3 4] (d) u) x\'^m:^nfmm^ {&) X 
^m\'^xmm^WM-^^. '{m^mm^^. m^m^^ 
1 2 0 ot:) xum\^tc. 

[0 0 3 5] <lb. B a -B-C-O^gf-fbi^ m.Pr 
#-§■9) CDia5S> 

(a) «;;^^^#HMf (CTB a (n-0-C4H9) S: 
tJ«Sn (i-0-C3H7) Srglf:£*/l'J±(c/£^ J; 9#i 

-Y y:rp tVVT/Va— ^W^fflV^TS 0°Ct?j§^$ 
■It. aii^bfCo 

[0 0 3 6] (b) (1) hBCOTc^-Cfc 

5F e(DfiBigig^BT^*/Wi:blC/£5<t 9#SL. H2O 
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[00 3 71 (c) ia) ■T^^M\^ftrJ)^='^iyh'^M 
*5i-fi?*ii:S:fcJ6. (b) -e{t»l*tL/c^«¥f^(c5>j|f ^ 

[0 0 3 81 (d) ic) -Cim^tlitmm^ (a) -c 

fc„ m^mnM^nw^tz'^. m^was (7oo'c~ 
1 2 0 0=0 -xjumi^fco 

[0 0 3 91 < 2 . :ff:^±:y'^<Df¥M>±vt(D i a &t;« 
1 b TM^M$^^/::IlW*Sr, 1 ~ 1 0 <7)^^ 

{COV^T. 4''iL^rflB2mmC0— >l!tOD 1 3%P/R||3, 
4ttt.iC, (i,3min, 1 mmcDRtgt»i}C7°L'X/jg 

mm 2 sr#/co ^f::. itissfc Lx^^m^<^mmmim± 

;5f^^tBS* 2 ^#fc (*1) o 

[ 0 0 4 0 1 < c . g5f£;#l4©aiJ^>***I^J(-*3(t s 
i*J|sf#-i- 1 ~ 1 0 ^U«lti|i5M 1 ~ 2 ®;^m^m®i^J^;!|# 

tt^t-^TWi 5 (cpj^Lfco Kr-I-*-^ 1 ~ 1 ORXf itm 
^lll~2»#:^f;^■^r>'■^^^c*3V^-C. ir^/lM 

2 ;5Si|ij^j^tcA5 J; 5 19 {^(t. 5 0 

O'GfcTtea J: 5{cL:fe„ -^rro^, «ffi3. 4 (cE?5ffi«ffi 
«r 1 vmn aij^^pf icj5fti;a^ 1 2 1 /m i n ^: 
ct5. ^*;^f^7. 0%. -^{kiK^:*/"^ 1 0%, 

-fr^ «ig3 iB®4^©^©m^^fiST:iKo^<k^;t-<T 

>'>^Ii]8l?rfflv>-CiliJ^U:fco HI 2 fcaiJ^[H]SlSr*-rc 1 
fl-fe i^l^-, 9 (imjlfl-. 9 a {±H^ffi;^f$:. 1 0 (4«M 

[0 0 4 11 BlS^t/iaS (c:^;*r;:^-fe>'i^}C^3tt-5 5 0 
fct^Ro (Q) X NO:ff::^<^X(Dm-iri^R (Q) X^ 

u mmi-±No:ify^^m (ppm) , mm±mm ( (r 
o/R) -1) ^^-To v^-r^^cD^^E^flJ{cJov^-c'bs n 

:S5®TL. mm±^mxh^. eoo'cicjoits 

*liS^iJ 1 1 . 2, RXf5<DNO:tf^mmzM^ 

•5^J^!|#'[4^H4 5 0 O'COi^-a-ttb-^. 

fmmff>mti^is^x:is ^ . ^mm'&t^Mmxhh:L 



[0 0 4 21 z.in\z.n-t^. im.w\.R.x:^vcm.m2(D- 

^?ajt{c*j(t5iSSi|#'t4Sria6:&-o?ia7t'^i-o set- 

itKMl «3 5 0X:RtJ5 0 0°C('*3(1-2)NO2g^iC:>Ff 
-t-?)ii«i|#'l±^s ia7t>lj:btgf!|2<?5 3 5 O'CSt/S 0 0 

hfi^-A^. NOigS/55i«< ;^e5icon-c. NO|g^ic*t 
i:;SS*3;«i^Sc *fc. 5 0 Ot;tc*3V^■r{4. ittSsfll 1 . 2 

-f. iEmfms.wmt^^^mxh^z. ti^f^t>:^, 
[0 0 4 31 <d. -M :^mm'^<r)m\'&>^mMn\^iin 

1-1 ORxy^itmm i ~ 2 (c^oV^t, ftH;;!/;^ 

1~1 OST^l:b^^Jl~2(7D^;y~^-fe>'■t^lC*5^^-C. -fe 

1 Sr:^^1^tHS* 2 ;d-^aij^:i:p(- J: 5 i'Si f^^ 
it. ;y';=^S«;dS5 0 o'Cir/.i^ J; 9(-bfCo « 
11 3 . 4 {citjsfEmJESr 1 vgiiip ay^r i 
2 1 i n t /j: 5 i 5 X 7 . 0 %, 

NO;^f;5^ 2 0 0 p p m. C 0;*f ::=^ 1 0 0 p p m, 
CgHe;*"^ 1 0 0 p p TD.^m'&WJ^K.fz.^m^ff:^^^^ 

mmmm 2 {cSM^-er. mm 3 , 4 Kcom^isfeicoagfi: 
[ 0 0 4 4 1 11 8 . H 9 . Rxim 1 0 

5o «iKif4;?f;=<.^A> #w<Di^i^ (sec) , mm-tm, 

M-t?^^tLS^ffl (Gas outturn) (DmKijy^-^mn^ 

[004 51 Ell i{c;*:|gBJ{ci5^ife0iJiW#-^2 

(75:^f>^^j^;#'l4. 01 2{cj:t«^^iJi 

o (Q) , ;«f><;4'X'»tSa:^R (Q) -e^L. «IIAttB# 

M (sec) . wm\±mm ( (Ro/r) -d 

-f-c v^-f^^fc)^^J7 0 0~8 0 0 s e co^. :ff:^^mA 

L. *\)2000sec CD^ic;^^ ^#ttj b/c t. <7)T'fc 
5„ i^mmKiS^^Xit. NO(D^X^£<s CORX^C^ 
HetCt^^LT^JlJ. L;i^t>. ^<Dm&i-imi^X±^ 
</£o-C^^5„ rtiJ-^TLT. ;*:||p^(cj;5IIJfi#Jll* 

[00461 <*Ji6^ai 2 >^^*Jg#Jic*j{-t5^m®fflii|^ 
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(b) limmm^mir) tc^-r. -fe^-iM iiiS4ni 

•p/^Sttffil 4, 1 S^Mx.. I^rnm 3, 1 4W5il9m 
3%P/R^1 6, 1 7 5rSt'9#(te>ttTV^.5„ KiC, 

St '0 Hi-f^M 1 9 tcItBt4^#^J 2 0 -^Hif r i: 
[0 0 4 7] 2 i: U-C(4, T/V- ? -^-fe ^ 5 ;^ 

tHS*»5£^f t - ^ t'*DII{i^«&^lt S t J; o 
[0 04 81 <mmm 3 >:*:^J(6^J{w*3(t5, ^fg^fk 

ffiigtC, H i 4(73-tr:^1^S§^5 3 7 C0fe:;'^|gl^|21 1 5 

( (a) (iiEsigi. (b) i±mmm^m-r) ic^-To 

IUli;LT»«J.O. 2mni. 1 Ommro— 1 3 
%P/R||3 2a. 3 2 b i: i tt-JfM^nSo F*jg!5t- 

2o««^3i«:^^rL. m2-^iDm%mi^tmm^i^. 

rtgRtwffi^Lfc* 0. 4 mm. :B:$ 5mmC0— 1 3 
%P/R^3 4a, 3 4 b. 3 4 c. 3 4 d ^WSSitiffi 

(-:&cOffifi< 3 4 aSr/3 4 b. ^) < 
lC34cS.O«34d ^)mm. S — 3 4 
a i: 3 4 c t 5 — 34bi:34d;iS 

=t-f5*i4mm. ft$4 0mm. S^^ 1 mm(DT/l^S.'r 

^y^y^ ;^MW;'3^m LS« 3 3 tc. 1 3 % 

P/RlS3 2a. 3 2 b 1 3%P/R^3 4 a . 3 4 
bic^»-r5^i:(cJ;oTyy";^«lttiSl5 3 1 (±t±i;^;ffiittl L 

[0 0 4 9] m;^;^!^ LS«3 3«. i|ig4mm. 5 
Omm. ff^ ImmT'fll^tfe^ilS t— i5'«2S||3 5 a. 



3 5 h^^-t^TfV%-^-^^%v^m.<0\Z—'9 3<Qhh 

3 3tt. — >!t© 1 3%P/R#^3 4 c . 34d?r;^7^>' 

/W!K«y — K3 8 a. 3 8 b iC. t— ^5'3 6 
tt. — 1 3%P/R^3 5 a . 35bSry — K38 
c. 3 8d[C^^$tt5c ■fe>'1^»^3 7?:^JRSStW^ 

#:^*3 9 (Cgi:Si-5/-cfeiC. -t>'1^alFl5 3 7(;:P3Mt^ 
©T^^5-:^^r7 5 2'i^iKI6^itW4 0 ^gi:£$-B:/cms 

4 2T'H*$tb2)o Cn?Sr^fl::&A3 9tcA4x> ijii^ft: 

4 1 ^^g|5co;^)^*>e)^^i-5fc«)(c. ^JSS!!cD^1^4 

^. K3 8a. b. c. d^. y— K^4 4a. 

b. c. dlC^^^gL. y- KM4 4 a~d4r=i^=3r 

3 0fl*^$tb5o iPift«y- K^4 4 c, d(C«ffi^ 
/4^tS :i <i:tcJ; S^^iti#>«S©iliJ^tt4 4 

a. bMcD®fetffi.^»J^i-5rt{cJ:>?fT5c El 

1 6 173 i 5 t^; ^^n ^ 5/ h 5 0 . v'— 5 1 . 

5 2. /Js/V-i^^— 5 3^^fflV>Ttfci;^^tiiLS«3 3. y 

[00 50] 

m(Dm^m.mu<Dm\::^t^±>-f-'r)mm^^Lx'Mm-r 

f}>r>mm^xmtii-t?>:LfAiX^^ i«MT (5 0 

mmm^mxh'o. (a) ttiEsia. (b) ttiMffiH-c 
[H 2 ] :^mMcommm i (csa^say^iiisiiaTfcSo 

[BI3] *:||B^CD||Jife^«|l icM-T'S 5 0 0*t;}cj3tt5N 

[0 4] ^^0^»»5g^a^^»-§-l. 2. RXIBlzm 
1-^6 0 OtiCliaitSNOMSir^SiitoM^t-ov^T 

[0 5] :^mm<Dmmmimm^if^9&xj(i oicm-r^ 

5 0 Or{Cjo(t?>NO^iSiSSStCO|g^(COV>T*-t- 
[0 6] i:be5f!|l dM-rS 3 5 0°CRU5 0 0°C(C*5tt 

5 N O aiS i: ^« i: (cov ^ -C^-r 7 7 1? fo S o 

[0 7] i^mm2i,cm-ri> 3 5 o'CRU5 0 ox:icj^n 
^Now^&tmmt(Dmm^<3^^xm-i-^y-7x^^o 
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[014] *^K(Z)||Sfe^?'!l3 
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<30lSlW& 0 'C fo S 0 
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' • * 


[01 5] :^mM(DmM9\3icmir^^mMit^±>'^ 


4 1 




co^pi^te A 0 fc 5 o 


4 2 


' • • ^^"yy^ 


[016 ] ;*:^?qc7)^Jg1?!l3 i-Mi"?)a^^{bf^ir 


4 3 




(^ffico Jf^Sg :Sr:^-rtK»&»fffi0 fc S o 


4 4 




[iif#(7?Ift§^l 
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1 • • • ^*^it:^-fe i^i^ 
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6 fS^WW 
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